A cinematography system for virtual storytelling by Courty, Nicolas et al.
A cinematography system for virtual storytelling
Nicolas Courty, Fabrice Lamarche, Ste´phane Donikian, E. Marchand
To cite this version:
Nicolas Courty, Fabrice Lamarche, Ste´phane Donikian, E. Marchand. A cinematography system
for virtual storytelling. Balet, O. and Subsol, G. and Torguet, P. Int. Conf. on Virtual Story-
telling, ICVS’03,, 2003, Toulouse, France, France. 2897, pp.30-34, 2003. <inria-00352080>
HAL Id: inria-00352080
https://hal.inria.fr/inria-00352080
Submitted on 12 Jan 2009
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
  	

ﬀﬀﬁﬂ	 ﬃ! "#$%
&
'(&&)
*	+-,.0/2103(45.0687:9<;
1 =8>
1@?87:+-,AB1DCE1D7F,FG8A
2 =IH
9:JLK8GI1DMIANO.0M8+QPR+-1DM
3 =
1DMIS%TU7V+-,XWY1D7F,FGI1DMIS
1
1 Z\[^]_Za`
2 b^c0dfehgVi<jkdml\npoLqr]5gFc0csgFjtZ
3 u [5]wv
x<y{zQ|F}
]_gFcsc0gFjF~ uLs jU0g(g L0 dfg  ~{LLŁh]5gFc0csgFj u gF0gV8~00i  c0Fg
u oLcDl  Vl L l<soLi5  d L oc0df@d  crf   i<  cs{)^dfi<dfj D qQi
prFF ¡R¢L£
Z¤cl<sdfj R) gVi¦¥§gd¨clki<oD  Fg  Fo s gVl<gq2i ) gV¥o)i<l<o ) l<oL©
 l<d¨ Lf n«ªLgFcsg:i  l<g­¬Fdfcsg  l<oªLi ) 0d¨'e@dfgV¥O¬oLq(Dn@c L dfpjkFgFc0gFjdfcYi<g ) ©
l<d  g 0® sg  dfcªLo ) oLqrj    jan@jal<g  d¨jl<o  i<oeDd¨0g  j  FFgVjkjkd¨oLcﬀoLqrjksoLl<j
 cR%jkg#¯  gFcsFgVj°±o)qUe@dmikl sL @n@c ) d¨XjkFgFcsgVj²(l<  lO  c%³{gi<g Q l<g#%l<o 0 i<g
Fdfc0g @0´^ i§jan@jal<g  d¨j§³  jkgFoLcpl<0g  jkg5o)q  cd  ªgV©µ³  jkg#Foclki<o  oLqIl<sg
 ) gVi  l<  l )f o#¥Uj50dm¶8gVi<gFcl  gFeg  jtoLq·eDdfj R) l  jkDj  cR ¦¦s l<dm©  ªgVcDljan0ja©
l<g

l<

lFoclki<o

jl<0ojkgw
)
gVi

j

cRjkg

gFVl<jtl<sg_l\n

g_oLq·jk0oLll<

lU

j§l<o
³{g

gVikq-o)i

g#OdfcOoLi@gVi·l<o_q
sm¸Rf
l<sgFoc0jalki

dfcl<j·oLq

ªLd¨egFc¦Vd¨c0g

l<oLªLi
)
sdf
i
0
g¹°±d¨0dfo

²
·®
sdfj

gFehg

oLq


L
l

l<dfoc­FoLcsjal<dml

l<gFj	l<sg
#º
o)iXc0o)eg

l\noLq
o

iOjan@jal<g
ﬀ
'oLi<gFoehgVi#~dml¦jal

cR@j	q2oLi

FoLcDehgFcsdfgFcl(l<oo

l<oE@gFjkVi<df³{gFdfcsgV©

l<oªLi
)
0d¨(d¨@d¨o

jtq-oLiUi<g
)
©µl<d

gwc

iki

l<d¨eg(e@dmikl
sL
gFcDe@dmi<oLc

gFcl<j

» ¼s½_¾{¿8À(Á¦ÂOÃ¾8Ä<À_½
Å
6{9V.@CE19V+2,5,+2M8A)CE19V.@Æ07V1@K8GR;¦,)1@M?A53:A)A)M1@3·9VG8Aw1D?8+2/Q+Q9<;¦9:.¦,FGI.s.s3A_Çs+2A)È(K.@+2Ms9V3^ÉÊALÇ@A)M8Ë
9:6I1@/Q/2;%1@M8+2Cﬀ1D9:ASIÌ^ÍÊ7V.@CÎÈ(G8+2,FG­ÇR+279V6I1D/ÏA)MRÇR+Q7V.@M8CﬀALM09F3	1D7VA7VA)MIS{AL7:AS
=
È(+Q9:GÐMÑ1D7V7V1D9:+2Ç@A
,.@MÑ3<9V7V1@+QMs9V3LÒÓkMY9VG8+233:A)MI3:A
=
1%3<9V7:.0M8Æ%KI1D7F1D/2/QAL/È(+Q9:GÔ,+2M8ALCﬀ1%,)1@MY?AES{7V1hÈ(MÏÕ,L1DCﬀA)7F1
3G8.@9V351DMISECﬀ.@9:+2.@MI3_KI1D7:9:+-,+2KI19VA	9V.9:G8AXA)Cﬀ.@9:+2.@MI1@/Ñ,.0CﬀC'+Q9:CﬀALM09w16I3:A)7^,)1DMÖÆ@A9^È(+¨9VG
MI1D7V7V1D9:+2Ç@AÇR+279V6I1D/§A)MRÇR+Q7V.@MIC'ALMs9V3LÒ
H
+2MI,A9:G8A?ÑALÆ@+2M8M8+2M8ÆÖ.@Ít9:G8Aﬀ3:A)Ç@ALMs9:GÐ1D7:9
=Ñ×
/2C"S{+¨Ë
7:A,#9:.07V3GI1hÇ0A¹+QCﬀK8/2+-,+Q9:/2;ØAL39V1@?8/Q+-3:G8ALSÙ1Y3:A9ﬀ.DÍO7V68/2AL3ﬀ1DMISÙ,.0MsÇ0A)Ms9:+2.@MÑ39:GÑ19ﬀA)MI,).RS8A
K87:.0KÑAL7È^1h;{3O9:.%9:AL/Q/_39:.07:+2AL3¦+2MÔ1@M«10,),6I7V1D9:Aﬀ1DMIS«AÚ{K8/2+2,)+¨9Cﬀ.{S{A­Éµ3:A)AÛmÜhÝÍÊ.@7A)Ú{1@C'Ë
K8/QA3VÌÒ5ÞwG8.068Æ@G
=
9:G8+-3Ö3:A9¹.@ÍX7V68/2AL3E+-3EM8.@9368ßE,)+QALMs9:/2;ÙS{A)9V1D+2/2ALSÙ9:.ØS{A
×
M8AY1àÍÊ.07:CE1@/
Æ@7F1DCﬀCE1D7È(G8+-,FGØ,.068/-Sá?ÑA%S{+27:A,#9:/2;à6I3ASá+2MØÇR+Q7:9:6I1@/539:.07:;s9:AL/Q/2+2M8ÆÐ1DK8KI/Q+-,)1D9:+2.@MI3LÒÏÓkM{Ë
S{A)AS
=
Æ0+QÇ0A)Mâ1Y,.@CﬀK8/2A9VA¹9VG87:ALAS{+2CﬀA)MI3:+2.@MI1@/^S{A3:,)7:+2K{9V+Q.0Má.DÍO1Y3V,ALM8A¹9VGI19'+QMÑ,/26IS{AL3
C'.@9:+2.@MÔ.DÍwÇ1D7V+Q.06I3.@?8ã<AL,#9F31DMISÔ,FGI1@7V10,#9VA)7F3
=
CE1DMR;ÐK.03V3+2?8+2/Q+Q9:+2AL3AÚ{+2399:.
×
/QCäÈ(+¨9VG
7:A3KAL,9§9V.9:G8Aw9V7V10S{+Q9:+2.@MI1@/{È^1h;.@Í
×
/2Cﬀ+QMIÆIÒ@W­.07:AL.Ç@AL7
=
È5A(,L1DME1@3V36IC'A^9VGI19_,FG8.R.s3+2M8Æ
1DCﬀ.@M8Æﬀ.0M8A.DÍÏ9VG8AL3:AK.03V3+2?8+2/Q+Q9:+2AL3(S{ALKÑALMIS83(.0MCE1@Ms;¹Íµ1@,#9V.@7F3ÉµS{+27VAL,#9V.@7å 3^+2Ms9:A)Ms9V+Q.0MI3
=
/Q+2Æ@Gs9:+2M8ÆﬀK8687VK.03:A
=
S{+-3K.03:+Q9:+2.@M%.DÍ§9:G8A3V,ALM8A
=
A)9V,DÒmÌ#Ò
ÓkM9VG8Ap,).@Ms9:7F1D7V;¹.DÍt,+2M8ALCﬀ1
=
È(G8ALMÐS{AL1@/Q+2M8ÆEÈ(+Q9:G­+2M09VA)7F1@,9:+2Ç@AA)MRÇR+Q7V.@MIC'ALMs9V3(3:6I,FG
1@3ﬀÇR+2S8A).àÆ01DCﬀA3ﬀ.@7ﬀ+QMs9VA)7F1@,#9V+QÇ0A
×
,#9:+2.@M
=
+¨9E+-3EM8.@9ﬀK.03V3:+Q?8/2A%9:.Ô6I3:A­3<9V.@7V;s?.01@7VSI39V.
,FGI1D7F1@,9:A)7V+2æ)AK87VAL,)+23:A)/2;%9:G8A'Èw1h;A1@,FGY3:G8.D9È(+2/Q/?Ap9F1DP@ALMﬂÒrÓkMÐÍµ10,#9
=
S{6IAp9V.¹9:GIA'6Ñ3AL7
+QMs9:AL7V10,#9V+Q.0MI3
=
9:GIA¦K8/-1@,)A)CﬀA)Ms9w.DÍ,L1DCﬀA)7F1@3^1DMÑSÖ1@,9:.07V35,)1DMM8.D9w?A¦K87VAL,).@CﬀK86{9VALS1DMIS
=
,.@MÑ3Aç06IA)Ms9:/2;
=
3GI.D9V35,)1@M¹M8.D9w?AOK8/-1DM8MIALS¹+2MÖ10S{Ç1DMI,)A@ÒRÞwG8.@68Æ0G¹+Q9^+-351@/QÈw1h;{3tK.03V3+2?8/2A
9:.¦3:A9§68Kp. E+QM8A^3.0CﬀA5,)1@CﬀA)7F1wKÑ.s3+Q9:+2.@MI3§1DMÑS3È(+Q9V,FGp?ÑA)9<È5ALA)M9VG8A)C 1D97V68Ms9:+2C'AXÉÊK87VAË
,.@CﬀK.03:ALS,)6{9O3V,A)MIAL3<Ì
=
9:G8+-3w9VAL,FG8M8+-çs68AGI103wK87:.Ç0ALSÖ9:.E/-1@,FP¹.@Í§A)Ú{K87:A3:3:+2Ç@A)MIAL3V351@MIS
ÍÊ.@7V?8+2SI36{9:+2/2+Qæ19:+2.@Má.@Í(KI1D7:9:+-,68/-1D73:G8.@9V3/2+QP0AE.Ç@AL7Ë\9:G8A)Ëa3:G8.068/2S8A)73GI.D9V3ÍÊ.@7+2MI39V1DMÑ,A@Ò
ÞwG8+23_A)CﬀK8GI103+2æ)A3t9VG8A	M8ALALSE.@Í·1@M¹1D6{9V.@M8.0Cﬀ.@6I3U,)+QMIA)CE19V.@Æ@7F1DKIG8+2,(3:;{3<9VA)C +QME.07VS8A)7t9V.
1@S81@K{9w9:.ﬀ9:GIAS{;RMI1DCﬀ+-,¦È^.@7V/-S·Ò
  Â	¾RÀ	
§¾8ÄÃ Ã·Ä:½
§¾{ÀU¿

WÐ1DMR;ﬀÈ5.07:P{3_GI1hÇ@A¦?ÑALA)MS8.@M8AO9:.ﬀ1D6{9V.@CE19V+2,L1D/2/Q;ﬀÆ@ALM8A)7F19VAO,.0CﬀK8/QA)9:A,)1@C'AL7V1p3KAL,)+
×
Ë
,)19V+Q.0MI3
=
?86{91DCﬀ.0M8Æﬀ9:G8.s3AÈ5.07:P{3(+Q9¦+-3¦KÑ.s3:3:+Q?I/QAp9:.ÖS{+-39:+2M8Æ@68+-3:G­9<È5.S{+rA)7VA)Ms9¦9<;sKAL3
.DÍÏ1DKIK87:.s1@,FG8A3
=
,).@MI3:+-S{A)7V+QMIÆ.@7_MI.D957VAL1@/¨Ë\9:+2CﬀAO,.0MI39:7F1D+2M09F3)Òﬁﬀ	A)MÑ,A
=
Æ@A)99V+QM8Æ9:G8AXAÚ81@,9
ﬂ
.È .@Í10,#9:+2.@MÑ3w?ÑA)ÍÊ.@7VA9:G8AL;ÖGI1@K8KÑALM­1D/2/Q.È	359:.E7V68M­1'K8/-1DM8M8+2M8ÆEK87V.{,A3:3
=
È(G8+-,FG%,).@7:Ë
7:A3K.@MISI3t9:.9:G8A¦7:A1D/I,)+QM8ALCE19:.0Æ@7F1DK8GI+2,^.@MIAÛ ﬃ
= 
Ý\Ò"!5689
=
S{68A(9V.9:GIA	6I3:A)7_+2Ms9:AL7V10,#9:+2.@M
=
9:G8.s3Aw1DK8KI7:.s1@,FG8A3,L1DMpMI.D9?ÑAw6I3:ALS+QM'7VAL1D/QË\9:+2C'A^ÇR+Q7:9:6Ñ1D/RA)MRÇR+Q7V.@MIC'ALMs9V3§1@39:G8A
ﬂ
.Èâ.DÍ
1@,#9V+Q.0MI3?AL,.0CﬀAL3t68MIK87:AS{+-,#9V1@?8/2A@Ò@ÞwG8+-3tK.@+2Ms9_,.@MÑ3<9V+¨9V6{9:A39:G8AOCﬀ1Dã<.@7US{+Qß¹,68/Q9<;p+2M¹1D68Ë
9:.@CE1D9:+-,(,+2M8A)CE19V.@Æ07V1@K8GR;
=
+QMﬀ9VG8A	3:A)MI3:Aw9:GI1D9U9:GIA	3;{39:A)C GI1@3t9:.Æ@ALM8A)7F19VA(1,.@GIA)7VA)Ms9
1DMIS10,),6I7V1D9:AÇR+QALÈ(KÑ.0+QMs91D9ÏAL10,FG¦ÍÊ7F1DCﬀAtÈ(+Q9:G8.06{9PRM8.È(+2M8Æ(1DMR;s9:GI+QM8Æ¦1D?.@6{9·9VG8AUÍÊ6{9V687VA
.DÍI9VG8A(1@,9:+2.@MI3LÒhÓkMÛ$#Ý
=
ﬀ	A&%('*),+.-@1@7:A59:G8A
×
7F39§9V.AÚ{K8/2.@7VA_7VAL1D/QË\9:+2C'Aw1D689:.@CE1D9:+-,5,L1DCﬀA)7F1
,.@Ms9V7:.0/¤ÒhÓkMÛ /DÝ
=
!^1@7:A3§6I3A3t1,.@MÑ3<9V7V1@+QMs9Ëa?I103ASp1DKIK87:.s1@,FGÍÊ.07U3GI.D9V3_,.@CﬀK.03:+¨9V+Q.0M+2Mﬀ1
/@N +QMs9VA)7F1@,#9V+QÇ0A
×
,9:+2.@MﬂÒÞwG8A
>
Ó<BÏW /-1DMIÆ@6I1@Æ@A@Û.0ÝsGI1@3Ï9<È^.O.@?8ã<AL,#9V+QÇ0AL321,FGÑ1D7F1@,#9VA)7V+QæLAt9:GIA
,)1DCﬀAL7V1O?ÑALGI1hÇR+Q.07.@Í
×
/2C +2S8+Q.0Cﬀ31@MISp10S81DK{9tS{;RMI1@C'+-,)1@/Q/2;X9:.¦9:G8A(3:KÑA,+
×
,^3+Q9:6I1D9:+2.@M.DÍ
1DMR;ﬀÆ@+2Ç@A)M3G8.@9LÒ
>
6IM8Æ@A'Û 3Ý+-3^.@M8A¦.DÍﬂ9VG8A
×
7V39^9:.ﬀ,.@CﬀKI1@7:A	9:G8A,)1@CﬀA)7F13;{39:ALC 9:.1@M
1DÆ@ALMs9LÒ4!^AÍÊ.07:A9:G8A'1DM8+2CE19:+2.@M
=
1¹3:A9O.@ÍU7:68/2AL3OS{AL3V,7V+Q?I+QM8Æ¹9:G8A',)1DCﬀAL7V1'?A)GI1hÇR+2.@7F3	1D7VA
AL39V1D?I/Q+-3GIALS
=
1@MIS­S{687V+2M8Æﬀ9:G8A1DM8+2CE19:+2.@M­+Q9V3
Å
Ò Ó#ÒÑALM8Æ@+2M8A,FG8.R.03:AL3w?A9<È^A)ALMÐ1D/2/·9:GI.03:A
7:68/2AL3LÒIÞ.@Cﬀ/2+QMI3:.@MáÛ.00)Ý,.0MI3:+2S{AL7:AS9:G8Ap,L1DCﬀA)7F1ﬀ1@3¦1E,7VAL19V687VA
=
7V68/2ALS?R;S{A3+27VAL3	1@MIS
+QMs9:ALMs9:+2.@MI3
=
9:GI1D9w,L1DM10,#9w68K.@MÖ+Q9V3^ALMsÇR+27:.0M8CﬀA)Ms9XÉ¤S{+-3K8/-1@,)+QMIÆ/2+QÆ0Gs9V3_ÍÊ.@7w+QMÑ3<9F1DMI,)AÌ
=
+2M
.@7FS{A)7^9:.¹S8+23:K8/-1h;ﬀ9:G8AALC'.@9:+2.@MI1@/ﬂ,.0M09VA)Ms9(.DÍ§9:G8A3V,ALM8AL3LÒ
5 687ﬂ¿7(Ä :9 À;E¾ Ã·Ä½<
§¾RÀU¿
=	?>ﬁ>0¾@A
ÞwG8ACE1D+2M%Æ0.01@/·.DÍ.@687	3:;{3<9VA)C!+-3w9V.EK87:.ÇR+-S{A.@M8A,L1DCﬀA)7F1ﬀ,.@M
×
Æ@687F19V+Q.0M¹ÍÊ.07(9:G8A
3D
A)M8Æ0+QM8Aﬀ19A1@,FGY+Q9:AL7V1D9:+2.@M«.DÍU9VG8AE1DK8K8/2+-,)19V+Q.0MﬂÒ·BﬂA)96Ñ3M8.D9VAp9VGI19K87V.ÇR+2S{AS­9VGI199:GIA
1DK8K8/2+-,)19V+Q.0M È5.068/2S K87V.@K.03:AÐ3:A)Ç@AL7V1@/(ÇR+QALÈwË\K.@7:9V3E.@Í¦9VG8AYÇR+279V6I1D/OA)MRÇR+Q7V.@M8CﬀALM09
=
9:GIA
,)1DCﬀAL7V1àCE1DMI1@Æ@AL7Ö3GI.@68/-S Æ@+2Ç@AÐ1DM Açs68+QÇ1@/QALM09¹MR68C?ÑAL7Ö.@Í,L1DCﬀA)7F1Ô,.0M
×
Æ@6I7V1D9:+2.@MI3LÒ
45G8.R.03:+QM8Æ9VG8A¹?AL39',L1DCﬀA)7F1,.@M
×
Æ@687F19V+Q.0MYÍÊ.079VG8AÖ,)1@CﬀA)7F1Cﬀ1@MI1DÆ0A)7+-3KA)7:ÍÊ.@7VCﬀALS
9:G87V.@68Æ0G%9:G8A6Ñ3A.@Ít+QM{ÍÊ.07:CE1D9:+2.@MK87V.Çs+-S{ASÖ?R;%.D9:GIA)7	Cﬀ.{S{68/2AL3¦S{A)Ç0.D9:AS9:.Ö3V,ALMI1D7V+Q.
=
,FGI1D7F1@,9:A)7F3·1DMÑSA)MRÇR+Q7V.@MIC'ALMs9ﬂCﬀ1@MI1DÆ0A)CﬀA)Ms9ÒLÞwG8+-3Ï+2M{ÍÊ.07:CE19V+Q.0M,)1DM1D/-3.(?AU9VG8A_7VAL3:68/Q9
.DÍ§S8+Q7VAL,9(çs68AL7:+2AL3LÒ{ÞwG8.03:A1@3:KÑA,#9V3wÈ(+2/2/·M8.D9(?AS{+23V,6Ñ3:3:ALSÖ+QM9:G8+-3(KI1@KÑAL7LÒ{ÞwG8A,L1DCﬀA)7F1
Cﬀ1@MI1DÆ0A)7+23ﬀ,.0CﬀKÑ.s3ASØ.DÍX1YC68/¨9V+¨Ëk1DÆ0A)Ms9'3:;{3<9VA)C È(G8+-,FGÙ,).@Ms9:7V.@/-3p3:A)Ç0A)7F1D/w,)1@C'AL7V103
9:GI1D9O1@,#9
=
+QMÑS{A)KA)MIS8A)Ms9:/2;1@MIS%È(+¨9VGS8+rA)7VA)Ms9	Æ@.s1D/-3
=
+2MÖ9VG8AÇR+Q7:9:6Ñ1D/·A)MRÇR+27:.0M8CﬀA)Ms9LÒ
BDCFE GIHJLK"M,HNGIOQPSR(M,OQT
ÞÏ.'KÑAL7ÍÊ.07:C K.03:+Q9:+2.@M8+2M8Æ9F1@3:P{351@MIS1@M8+2Cﬀ1D9:+2.@M¹.@Íﬂ9:GIAS8+rA)7VA)Ms9(,)1DCﬀAL7V1
=
.0687^3:;{3<9VA)C
6I3A3¦1@MY+2CE1DÆ@A)Ë\?Ñ1@3:ALS­1DMI+QCE19V+Q.0MY3:;R39:ALC
=
103¦KI7:.0KÑ.s3AS+QMÙÛU0WVÝaÒ
Å
C'.0M8Æ%.D9:GIA)7
=
9VG8+23
SCENARIO
CHARACTERS 
MANAGER
ENVIRONMENT
3D ENGINE
Events
Events/Facts
about 
characters
Events/Facts
about
environment
CAMERA MANAGER
One camera 
configuration
at each frame
Multi-agent system
Camera1 
Camera2
Camera3
CameraN
 
£R£
`Ui<:0dfl<gVVl  i<gwo)q·o  i_jan0jal<g  i<gFª  i0dfcsªl<o¦l<sgwo)l<sgVi R ikl<jUoLqrl<0g L0s df  l<dfoc
1DK8K87V.010,FGá1D/2/Q.È	3S8A
×
M8+Q9:+2.@Mâ.DÍ(Cp68/Q9:+QËa/QALÇ@A)/_9V103P{3211­CE1D+2Má9F1@3:P Éµ.@7ÍÊ.{,)6I3+2M8Æ­9F1@3:P8Ì
9:GI1D9XGI103	9V.?A'7:A3KAL,9:ALS«19XAL1@,FGÐÍÊ7V1@C'A
=
1DMISÐ3:.@CﬀA'3A,.@MÑS81D7V;Ö9F1@3:P{3	9VGI19,)1@MY?A
AÚ{AL,)6{9:AS«KI7:.ÇR+-S{+QMIÆ9VGI19p9:G8A¹CE1@+QMà9V103P«+23A)MI3:687VALS·ÒÏÞwGI+23ÍÊA19V687:A¹1@/Q/2.È	3
ﬂ
A)ÚR+2?8+2/¨Ë
+¨9<;%+QMÐ9:G8Ap,).@Ms9:7V.@/Ï.DÍt9:GIAp,)1@C'AL7V1IÒ¦687X,)1DCﬀAL7V1ﬀCﬀ.{S{68/2AK87V.ÇR+2S{A3	,+2M8ALCﬀ1D9:.0Æ@7F1DK8G8+-,
K87:+2Cﬀ+¨9V+QÇ0AL3O9:.,.0M09V7:.0/ﬂ9VG8A',L1DCﬀA)7F18Ò
H
ALÇ@A)7F1D/§3.0/Q689:+2.@MI3¦CE1h;%A)Ú{+2391D9O9VG8A'3V1DCﬀA9:+2CﬀA
9:.E3.0/QÇ0A¦1KI1D7:9:+-,6I/21@7w,L1DCﬀA)7F1K.03:+Q9:+2.@M8+2M8Æ9V1@3:PrÒI45G8.R.03:+QM8Æ'?A9<È^A)A)M9:GI.03:AX3:.@/26{9:+2.@MÑ3
Cﬀ1h;S{ALKÑALMISÐ.0M9:G8AﬀS{AL3:+27:ASA rAL,#91@3OÈ5AL/Q/1@3¦1¹KI1@79V+2,)68/21@7O,.0Ms9:AÚR9ÒÑÓkMIS8A)ALS
=
È(G8+2/2A
A)Ç1D/26I19V+QMIÆ9:G8AOçs6I1@/Q+Q9<;p.@Ír13:G8.@9
=
9VG8A	K.03V3+2?8/2A	3+-S{A	A(A,#9V3_S{68A(9V.9:G8A	ALMRÇs+27V.@M8CﬀA)Ms9
=
/Q+2P@A'.{,),/26I3:+Q.0MI3¦.@7X/Q+2Æ@Gs9:+2M8Æ,.0MIS{+Q9:+2.@MI3
=
C6I39X?A'9V1DP0A)MÐ+2Ms9:.1@,L,.@6IM09Ò
H
.@/26{9:+2.@MI3¦9V.
9:G8AS{A)9:AL,9:+2.@M%.DÍ§.R,L,/26I3:+Q.0MI3
=
1DMÑS¹9V.K.03V3+2?8/2A3<9V7V1D9:A)Æ0+QA3U9V.'1hÇ0.@+-SE9VG8A)C A)Ú{+239XÛ 	
=
02VDÝ
1DMIS%,)1@M?A6I3:ALSAß¹,+2A)Ms9:/2;¹+2M%9:G8+-3(,.0M09VAÚR9LÒ8WY1D+2M8/Q;
=
Æ@+2Ç@ALM1DM%.{,),)/Q6I3:+2.@MS{A9VAL,#9V+Q.0M
K87:.{,)AL3V3
=
9<È5.KÑ.s3:3:+2?8+Q/2+Q9:+2AL3X1D7VA1hÇ1D+2/21@?8/2A1I.0M8Aﬀ,)1DMÐ9:7V;9V.%1hÇ0.@+-S%9:G8A'?I10SY,.0M
×
Æ0687V1DË
9:+2.@M
=
.@7¦+¨Í5+¨9+23¦+2C'K.03V3:+Q?8/2AÉÊ.@7X+QÍU+¨97:A36I/¨9F3O+2M«1Ö?I1@SÐ3:G8.@9FÌ
=
9VG8A',L1DCﬀA)7F1E?A)GI1hÇR+2.@7F3
Cp6I39O1@S81@K{9	1DMIS%,FG8.R.03:A¦ÍÊ.@7(+2MI3<9F1DMI,)A1DM8.@9:G8AL7	3G8.R.@9:+2M8Æ'3:ALçs68ALMI,A0Ò
O3:+QMIÆﬀ1ﬀ,L1DCﬀA)7F1
,.@Ms9V7:.0/81D/2/Q.È(+2M8ÆS{+rA)7VA)Ms9t9F1@3:P/QALÇ@AL/23+-3Uçs68+Q9:A(+2M09VA)7VAL39:+2M8Æ+QMﬀ9VG8+-3U,.0M09VAÚR921È(GI+Q/2A(A)M{Ë
3687V+2M8Æ¹9VG8AMÑ19:6I7:A'.DÍt9VG8AE3G8.@9'ÉÊ9:G8Aﬀ+2Cﬀ1@Æ@A)Ë\?I103AS­,.0MI3<9V7V1@+QMs9F3VÌ
=
7VA)CE1D+2M8+2M8ÆÖS{ALÆ@7VA)A3
.DÍ§ÍÊ7:ALALS{.0C!,)1@M?A6I3:ALSÖ9:.¹1hÇ@.0+2SÖ?I1@S%,.0M
×
Æ0687V1D9:+2.@MI3LÒ
BDC  O*K@TFP OQJ H4P K RFPﬁﬀﬃﬂMﬀO2K
ÞwG8Aw/21@M8Æ@6I1@Æ@A^.DÍ
×
/QC+23U1X,.0CﬀC'.0M+2Ms9:AL7:MI1D9:+2.@MI1@/R7:A)ÍÊA)7VA)MI,)A^1@MISp+Q9_,)1@Mp?A(ÇR+QALÈ5AS103
13<9V7:6I,9:687VALSﬀ39<;R/QAwÍÊ.07_,.0MsÇ0A);R+2M8ÆX39:.07:+2AL3§9VGI195+23Íµ1@Cﬀ+Q/2+21@7t9:.ÇR+2A)È^A)7F3)Ò _Ç@A)Mﬀ+QÍﬂ3<9V.@7V+QA3
.DÍ3ALÇ@A)7F1D/wCﬀ.ÇR+QA3ﬀ1D7VAS8+rA)7VA)Ms9
=
9:G8A­7VA)/-19VALS 3<9<;R/2A­+23E3:.á3<9V7:6I,9:687VALSÙ9VGI19Ö,)A)7:9V1D+2M
3+Q9:6I1D9:+2.@MI31D7VAU1D/2Cﬀ.039
×
/QCﬀASÍÊ7:.0C 9VG8A_3V1DCﬀAUÈw1h;@Ò)ÞwGI+233<9VA)7VA).D9<;RK8+-,)1@/DÈw1h;	9:.¦,)1DK89:687VA
3KAL,)+
×
,1@,9:+2.@MI3+QMs9V.«1ÐKI7:AS{A9VA)7VC'+2M8ASØ3Açs68A)MI,)AÖ.@ÍO3G8.@9V3+23',)1@/Q/2ALSâ1
×
/2C +2S8+Q.0C%Ò
Ó<S{+Q.0CE3Ö1D7VAÐ,+2M8ALCﬀ1D9:.0Æ@7F1DK8G8+-,%7:6I/QA3¹È(G8+-,FG 7:ALK87:A3ALMs9Ö1Ø,.{S{+
×
ALS Èw1h;â.@Í,FGI1D+2M8+2M8Æ
S{+rA)7VA)Ms9ﬂK.@+2Ms9V3ﬂ.@ÍsÇR+2A)ÈÔS{A)KA)MÑS{+QMIÆ	.@MX9:GIAUMI19V687VAt.DÍs9:G8A
×
/QCﬀALS3V,ALM8A@Ò
H
9V1@79V+QM8Æ^ÍÊ7V.@C
9:G8+-3U1@3V3:68CﬀK{9:+2.@M
=
1@M+-S{+2.@C ,)1DM'?A(+QMs9:AL7:KI7:A)9:ALS'1@3t1@ME1D?I39:7F1@,91@Æ@A)Ms9U,FGI1@+QM8+2M8Æ3:G8.D9F3
.@MÐS{+UAL7:ALMs9¦K.@+2M09F3	.@ÍU+QMs9:AL7:A3<9¦+QM9VG8A3V,ALM8A@Ò
>
.{,6I3:+2M8Æ¹.@MÐ9:G8.s3AK.@+2Ms9O.DÍU+2Ms9:AL7:A3<9F3
,)1DM«?ÑAE10,FG8+QALÇ@AS­+QMÔ3:A)Ç@AL7V1@/ÏCE1DMIM8A)7F3¦ÍÊ7:.0C S{+rA)7VA)Ms9ÇR+QALÈ(KÑ.0+QMs9V3LÒ·ÞÏ.1@SI1DK{9X9:.%9:GIA
S{;RMI1DCﬀ+-,_È^.@7V/2S
=
1OCp68/Q9:+81@Æ@A)Ms93;{39:A)C .AL7:+2M8Æ¦Æ@.R.{S3;RMI,FGI7:.0M8+Qæ19V+Q.0MK87:.0KÑAL79V+QA3_Û !Ý
+23O6I3AS·ÒÑÞwGIAP@AL;%,).@MI,)A)K{9O.@Í9:G8+-3O1@7V,FG8+Q9:A,#9V687:A+-3(9V.¹AÚ{K8/2.@+Q9O7VALS{6IMIS81DMÑ,;Ö.@ÍtKÑ.0+QMs9V3
.DÍ(ÇR+QALÈ 3V19V+23Íµ1@,9:+2.@MÔ.@Má1­Æ0+QÇ0A)Má3V,A)MIAE+QMØ.07VS8A)79:.«1D6{9V.@CE19V+2,L1D/2/Q;à3AL/QA,#99:GIAÖ?AL39
,)1DCﬀAL7V1w+2M7VAL3:KÑA,#9ÏÈ(+Q9:G+-S{+2.@CE3ÏS8AL3V,7V+QK{9V+Q.0M
=
PRM8.È(+2M8Æw9VGI19§AL1@,FG,L1DCﬀA)7F1w+-3ÏS{A3:,)7:+2?ÑAS
1@3Ï1@M1D6{9V.@M8.0Cﬀ.@6I3·1@Æ@A)Ms9ÒLÞwG8A_3:;RMI,FG87V.@M8+2æL1D9:+2.@M¦Íµ1@,)+Q/2+¨9V+QA3Ï.AL7:ASX?s;¦9:GIA_Cp6I/¨9V+¨Ëk1DÆ0A)Ms9
3;{39:A)C 1@7:A6I3:ALS­9V.ÖALMI36I7:Aﬀ,.0MI3+-39:A)MÑ,;­S{687V+QMIÆ¹9:GIA
×
/QC
=
?ÑA)9<È5ALA)MY9:G8Aﬀ,.0MI,687V7VA)Ms9
,)1DCﬀAL7V1035?I6{9O1D/-3.ﬀ?A9<È^A)ALMÖ9VG8A7:6IM8M8+2M8Æﬀ+2S{+2.@CE3LÒ
  «À5½OÃÂ=>RÄ<À_½
ÓkM­9:G8+-3XKI1DKA)7X1Ö,)+QM8ALCE19:.0Æ@7F1DK8GI+2,3:;{3<9VA)C"1@S81@K{9:AS%9:.7:A1D/QË¤9V+QCﬀAp1@K8K8/2+2,L19:+2.@MÑ3O3:6I,FG
1@3'ÇR+Q7:9:6I1@/
H
9:.@7V;s9:AL/Q/2+QMIÆ«+-3'+QMs9:7V.{S{6I,)ALS·ÒtÞwG8A­,)1@CﬀA)7F1Y,.0Ms9:7V.@/_+-3ﬀGI1@MIS{/2ALSØÈ(+Q9:G .@6I7
+QCE1DÆ0AËa?I1@3:ALS ,.0MI39:7F1D+2M09F3'ÍÊ7V1@CﬀA)È^.@7VP
=
1@MIS K87V.ÇR+2S{A3E1ÔCp68/Q9:+QËa/QALÇ@A)/X,.0M09V7:.0/(.DÍ9:GIA
,)1DCﬀAL7V103(É±9:GI7:.068Æ@G'9:GIA	6I3:A	.DÍ·S{+UAL7:ALM095/QALÇ@A)/I.DÍ·ÇR+23:6I1D/89V1@3:P{3U19_9:G8AO3V1DCﬀAw9V+QCﬀAÌ
=
1@MIS
+23È^A)/2/_3:68+Q9:ALSà9V.Ð1hÇ@.0+2S«?I1@SÔ,).@M
×
Æ0687F19:+2.@MÑ3'Éµ/Q+2P@AE.{,L,/26I3+2.@MÑ3VÌ¦9VGI19p1@7:AﬀÇ@AL7:;«/Q+2P@AL/Q;
9:.%GI1DK8KA)Mà+2MàS{;RMI1@Cﬀ+2,A)MRÇR+Q7V.@MIC'ALMs9V3LÒ ¦687C68/¨9V+¨Ëk1DÆ0A)Ms93;{39:A)C 1@/Q/2.È	3O9:.%AÚ{K8/2.@+Q9
7:AS{68MIS81@MI,;ﬀ9VGI19O,L1DMAÚ{+239(+QM%9VG8AS{+rA)7VA)Ms9(Èw1h;R3^.@Í
×
/2Cﬀ+QM8ÆE3V,ALM8AL3
=
9:GR6I3wKA)7:ÍÊ.@7VC'Ë
+QM8Æﬀ19:7F1@S{A)Ë\.Ç0A)7U?A9<È^A)ALMÖ9V7V10S{+Q9:+2.@MI1@/Èw1h;{351@MIS¹A)Ú{+239:+2M8Æ'7:68/2AL3^.@Í§,+2M8ALCﬀ1D9:.0Æ@7F1DK8G8+-,
K87:.{S{6Ñ,#9:+2.@MÑ3(1DMISS{;RMI1@C'+-,A)MRÇR+27:.0M8CﬀA)Ms9V3w,.0MI39:7F1D+2M09F3)Ò8ÞwGI+23(,).@MI39:+Q9:6{9VAL3(.0M8A.DÍ§9:GIA
Cﬀ1Dã<.@7ﬀM8.Ç0A)/Q9<;á+QM ,.0CﬀKI1D7V+23:.@MÙÈ(+¨9VG K87:+2.@7ﬀÈ^.@7VP{3)ÒtW­.07:AL.Ç@A)7
=
9:G8+-3E3;{39:ALC ,.0MI39:+QË
9:6{9VAL3_1XÍµ103<9^1DMIS'+2M09V68+Q9:+2Ç@A(9V.s.0/{9:.S8AL3:+QÆ0Mﬀ,)+QMIA)CE19V.@Æ@7F1DKIG8+2,^?A)GI1hÇR+2.@7F3(ÉÊ+-S{+2.@CE3VÌ9:GI1D9
,.@MRÇ0A);{3^MI1D7V7V1D9:+2Ç@A¦+QM{ÍÊ.07:CE1D9:+2.@M%È(+¨9VG%7VAL3:KAL,#9(9V.
×
/QC /21@M8Æ@6Ñ1DÆ@A0Ò

; Ï¿Ï½OÃSA>

(¦ `  gVi<jkoLc  csÙv  d  g  ]_g ) ©Êl<d  g¹Fdfcsg  l<df ) gVi  Foclki<o  q2oLiEdfcl<gVi  Vl<dfehg
c

iki

l<d¨egFj

Z\c	

 )~RLL


(¦
`_i<d
º
oLc
	ﬀﬂﬁﬃ! #"%$'&)( +*,-/.0#1./":Øu
o
¦
c0d¨

l<dfoc«`_ikl<jooDjF~§[5gV¥
2
oLi<{~
43657


98  :O


i<gFjF~<;
 =r>
i@?FªoLdfi<gL~

cRA;
 u5B
gFjal<g:i

]_g
)
l<d

g_Foc0jalki

dfclk©µ³

jkgFVd¨c0g

l<oLªL©
i
)
n'q2oLi(Vo
s
gV'dfcDl<g:i

Vl<dfehgXﬀ¥o)i

@j

Z\cDC
"E-#ﬃ! GFHﬃ)&Iﬀ-J6(KLﬀ-4ﬁ1"E@"E-NMO"ﬀ-

--Nﬀ6P
Q
Rﬃ)&
Q
"
TSS
( &IM@ﬃ)&)ﬀ-#UVﬀWﬁ

Oﬃ)& X'MY&I6(

-ﬃZ"Y([( &\./"E-JME"
~
R
ªgFj
6

O]J6

7
~
4363^

Ł
(¦

ﬂu
0i<dfjal<d

c0jkocI~Ïv



`5cs0gVi<jkoLcÑ~
BÏ 8 _:
g~
¦ :O
v
L
gFjkdfcÑ~
X
v
,8
g

I~

csÐﬀ
¨
u
oLsgFc
s
gF
¨
i

l<d¨egt
L
gVi

Foclki<o

q2oLi
L
l<o

l<dfVd¨c0g

l<oLªLi
)
n°±eDdQ@gFo²

Z\ca`
ﬀ4Mcb
ﬀWﬁdﬃ! #"Aef6ﬃ! gFVﬃZbhKLﬀ-4ﬁ4bLﬀ-

Oﬃ)& X'MY&I6(

-#ﬃZ"Y(!( &\./"E-NMO"a-Jiﬃ! #"dj&k.c lﬃ! 

-#-Jﬀ
Q
ﬃ)&
Q
"
TSS
( &)P
M@ﬃ)&)ﬀ-#Uaﬀﬂﬁ

Eﬃ)& XTMY&I6(

-#ﬃZ"Y(!( &\./"E-NMO"	KLﬀ-4ﬁ4"E"E-NMO"
~
s
ªLgFj

Ł
^c]J
~Ï'gFc

o
=·
i<{~r`

ª

jal
13637



;



c0ªg~Jm
8®
~

cs
X8®
g:i@nFo

o
s
oj
Ou
oLªc0dfl<dfehg

oD0g

dfcsª<o

cso#¥

g#@ªg~{i<g

jkoc0d¨c0ª

cR
s¨
c0csdfcsª%q2oLipdfcl<g
f
dfªLgFcl'

i

Vl<gVi<j

Z¤cp`
ﬀ4McbVﬀﬂﬁgq

9Lr
`Lsuttv
KLﬀ
S
0lﬃZ"E
T
S
 /&IMYU
`
ﬂﬀ4MO"O"i&!-l.U
~
R
ªgFj5
3c]

^
~
B
oj_`5c0ªg

gFjF~
43363

7

[
J:^Lf
gVi#~8]
J:
g

³0dfcsª0~

cR
®^
vlki<oLl<so)lkl<g

` 
L
gVi

gFc0ªdfcsg	q-o)i(Fo
s
l<g:i5ª
L
gFj1o


c

ªdfcsªl<sg
®
i

@gV©
´
¶%³{g:l\¥gVgFcVocsjalki

dfcDl^j

l<dfjaq

Vl<dfoc

cRﬀqQi
L
gOFo0gVi<gFcsVg

Z\c
`
ﬀ4Mcbwﬀﬂﬁ
jT0<ﬂﬀ@.
S
 l&IMYU
 
e
~
R
ªLgFj
c5
Ł
]J1^
D~Ñ

cssgVjal<gVi#~sb

~{vDg

l<g

³{gVitL


5
VBﬂ
©
8 c:
g~)


u
o0gFcÑ~

cR
X :¦
v
L
gFjkdfc
@®
0g§eDdmikl
RL
Vd¨c0g

l<oLªLi
)
sg:i4o
_s
i

@dfª

q2oLi
)
l<o

l<df5i<g
)
©Êl<d

g^
L
gVi

Foclki<o
8
cRp0dmi<gFVl<dfc0ª

Z¤cG`
ﬀ4Mcbﬀﬂﬁxq

9'r

`LstyRv
&!-zKLﬀ
S
0lﬃZ"Eﬂ
S
 l&)MYU
`
ﬂﬀ4ME"@"i&[-/.U
~
R
ªgFj^
454]
L)Ł@~8[^gV¥t©
´
i

g

c0jF~R`

ª

jal
43367

^
V=r	
i
E
cREv

0gFdfcsgVi

`

l<o

l<g#

i<gFjkgFcl

l<dfoc
s¨
c0csdfcsªo)q

c0d

l<dfoc

jkd¨c0ªl

jk
@gFFo

ojkdml<dfocﬀ¥Udml<ﬀsg

i<dfjal<df	i<g

jkoc0dfcsª

Z¤c{`
ﬀ4Mcb'ﬀWﬁAﬂ
S
 l&)MYU

-ﬃZ"E[ﬁYMO"
 t
f
~
R
ªgFj
4^4]J

5
~
®
oLi<ocl<o@~
´
cl

i<dfo0~
u
c



~8

n
433


3


<BÑL
i<:0g

cRpv

ocsdfDd

c

`

l<o

l<df5o)i<:0gFjalki

l<dfocpoLq³{gF

eDdfo

i<jl<0i<o

ªLl<0g

c

ªg

gFclto)q·i<gFjko

i<FgFj

cR

i<dfoLi<dml\n

gFehg

j

Z\c|`
ﬀ4McbLﬀﬂﬁ

0lﬃ}ﬀ-Nﬀaﬀ0lU

./"E-#ﬃ)UdR-Ni
~
0( ﬃ)&

./"E-#ﬃTqU@ﬃZ"EU


~

q
 R~R§o

oªc

~{Zµl
L
n~;
s
n

#©
13
LLh

`
u









i<

cs

cs'[
Ru
o

ikl\n
§u
oclki<o
¨
dfcsª


L
gVi

dfc

eDdmikl
R)
gVc@eDdmi<oc

gFcl

C
 #"

&[U@06(wKLﬀ
S
0lﬃZ"Edlﬀ0lO-N6(
~
4^
°

²Eo
E]#43
~I0gF³0i
s
ikn'LLh




h®
o

d¨c0jkocI~


fs
³{gVi<ª0~

cs
X
[

dfc

·

i<gFjkjkdfehg
L
l<oc0o

o

jﬂFdfcsg

l<oªLi
)
n
q2oLi§d¨cl<gVi

Vl<dfehgUeDdfikl
sL
gVc@eDdmi<oc

gFcl<j

Z¤c`
ﬂﬀ4Mcb,ﬀﬂﬁﬃ! "ﬃ! 

-#ﬃZbKLﬀ-4ﬁ4bﬀ-

0<ﬃ}ﬀR-Nﬀaﬀ0lU

./"E-#ﬃ)U
~
s
ªLgFj^
c51]
hŁ0~8

i<Fg

oLc

~8v
R
dfcÑ~#;

c0g	LL

